
LATENT FINGERPRINT AND TRACE EXPLOSIVES 

DETECTION BY PHOTOLUMINESCENCE AND 

TIME-RESOLVED IMAGING 

by 

KIMBERLY KAY BOULDIN, B.S., M.S. 

A DISSERTATION 

IN 

PHYSICS 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

Approved 

Chairperson of the Committee 

Accepted 

Dean of the Graduate School 

May, 2003 



ACKNOWLEDGEMENTS 

I would like to thank my research advisor. Dr. Roland Menzel, and all of my 

committee members: Dr. Wallace Glab, Dr. Kelvin Cheng, and Dr. Edward Quitevis, for 

all of their guidance and support over the last several years. I want to thank Dr. Cheng for 

the phase-based lifetime measurements and the Graduate School at Texas Tech University 

for financial support in the summer of 1999. I would also like to thank Mr. Russell 

Murdock for his never-ending help and fiiendship. A special word of gratitude is 

extended to Menzel, Wally, RusselL, and the physics shop crew for all of the wisdom that 

was delivered over years of "technical discussions." 

I also thank my parents, Ted and Judy Bouldin, for all the love and encouragement 

they showered on me through my life. Mom and Dad, thank you both for encoiuraging me 

to set my goals high and teaching me to persevere until those goals were met. 

Finally, I would like to express how gratefiil I am to all of my family (with a 

special thanks to Finnan McClellan for his help with the figures), fiiends, and educators, 

both past and present. Without all of you, I would not be where I am today. You all have 

affected how I think, feel, and view the world around me. 

I dedicate this dissertation to my grandmother, Barbara Bouldin. She never 

doubted my abilities and always looked forward to me achieving this particular goal. 



TABLE OF CONTENTS 

ACKNOWLEDGMENTS ii 

ABSTRACT vi 

LIST OF TABLES vii 

LIST OF FIGURES viii 

CHAPTER 

I INTRODUCTION 1 

Brief History of Fingerprinting 1 

Time-Resolved Imaging 5 

Fingerprint Lifetimes, x 10 

II FESfGERPRINTS 12 

Fingerprint Detection with Nanoparticles 12 

Nanocomposite Strategies 13 

Dendrimers 15 

CdS/Dendrimer Nanocomposites 16 

Amino-Functionalized CdS/Dendrimer Nanocomposites 18 

CdS/Dendrimer Nanocomposite Preparation 18 

Concentrations 20 

Spectroscopy 22 

Fingerprint Treatment 24 

Diimide Enhancement 28 

iii 



Diimide Pre-Treatment 30 

Carboxylate-Fimctionalized CdS/Dendrimer Nanocomposites 35 

Encapsulated Nanocrystals 39 

Latent Fingerprint Detection Using Lanthanide Complexes 43 

SYPRO® Rose Plus Protein Blot Stain 46 

Resolve-Al̂ "^ EuFOD 50 

Solvent System 50 

Procedure for Eu(F0D)3 52 

Quantum Dye™ Labeling Kit 56 

Procedure for Quantum Dye™ 59 

III TRACE EXPLOSIVES 64 

The Explosive Testing Kit (ETK"'"^ 64 

Reactions Used for Group II Explosives 68 

Procedure 68 

Nitroglycerin 70 

RDX and Smokeless Powder 70 

Results 71 

Trace Explosives Detection Using Lanthanide Complexes 73 

IV CONCLUDING REMARKS 76 

REFERENCES 77 

IV 



APPENDIX 

A DERIVATIONS 80 

B PORTABLE CYANOACRYLATE FUMING DEVICE 84 

C MICRO-CHANNEL PLATE 89 



ABSTRACT 

Latent fingerprint detection by photoluminescence is a well-developed field. Many 

development techniques exist and are currently being employed in forensic laboratories to 

detect fingerprints by making them luminescent. However, in forensic science, time-

resolved imaging techniques, designed to suppress background fluorescence that interferes 

with fingerprint detectability, are to date not used outside of the research laboratory, and 

the chemistry necessary to use time-resolved imaging for fingerprint detection is somewhat 

limited. For this reason, the first section of this dissertation deals with fingerprint 

detection methods that have direct application to time-resolved imaging techniques. 

Trace explosive detection field methods based on chemical reactions have until 

recently utilized only colorimetric products. To increase the sensitivity of such detection, 

a field explosive test kit which produces a product that is both colorimetric and 

Ivuninescent is studied. Detection sensitivity can be gained by taking advantage of the 

luminescence of these products, something that has not been done to date. When the 

appropriate chemistry is chosen for explosive detection, time-resolved imaging techniques 

may again be applicable. This dissertation thus looks at possibilities of taking trace 

explosives detection to this next level. 
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CHAPTER 1 

INTRODUCTION 

Physical evidence detection has been used as a major crime-solving tool for over 

a century. Physical evidence includes: sera such as secretions, seminal fluids and blood; 

hair and fibers; explosive residue and fingerprints. Evidence left at the scene of a crime 

can be detected, identified, and matched to prove a suspect's guilt or iimocence. Latent 

evidence is that which has not yet been detected, whether it is fingerprints or explosive 

residue, and often can Uterally make or break a case. The following research focuses on 

latent fingerprint and trace explosives detection. 

Brief History of Fingerprinting 

In the late 1800s, fingerprints were studied to determine their utility as evidence. 

Identification and classification, in conjunction with dusting powders to locate and 

enhance detection of fingerprints soon became a major field in crime investigation. 

Powders were useful for developing fingerprints only on smooth svnfaces, and moreover, 

only for freshly deposited prints. Around the same time, another physical development 

for fingerprints, iodine filming, and the first chemical development, silver nitrate, came to 

matiuity. Ninhydrin, though known as an amino acid reagent in the early 1900s, was not 

utilized for fingerprint development until the mid-1960s. Many of these methods of 

developing latent fingerprints had a drawback in that they were usefiil mainly with fresh 

fingerprints and did not fare as well when used with old, dried or faint fingerprint 



residues. Additionally, the choice of method was based on the substrate upon which the 

latent print resided. Smooth stnfaces required a different method of treatment than did 

porous sin-faces. Table 1 summarizes the different states of fingerprint residue, the 

substrate on which it resides, and the various detection methods indicated for each case. 

Table 1. Various States of Fingerprint Residue, Surfaces, and Common Methods of 
Detection 

Fresh prints 

Aged prints 

Smooth Substrate 
Dusting powders, cyanoacrylate-
fuming 
Iodine filming, possibly dusting or 
cyanoacrylate ester-fiiming 

Porous Substrate 
Iodine filming, ninhydrin 

Silver nitrate, ninhydrin, special 
detection methods 

Until the mid-1970s, latent evidence detection mainly involved viewing a colored 

product produced by either a physical or chemical development process. In the case of 

fingerprinting, brushes and dusting powders are still regularly employed at a crime scene. 

Early fingerprint examiners used black dusting powder on smooth Ught-colored surfaces. 

This worked well unless the fingerprint was dried out or the substrate was too porous. In 

the case of a very faint print, one would be left with two large signals, the reflection from 

the Ught backgroimd and the slightly fainter reflection from the weakly developed print. 

These two relatively large signals have very little difference between them. This is not 

the situation a fingerprint examiner would like and is akin to trying to see the stars in the 

day. The stars are there, but the background signal (the bright sky) competes with and 

thus overwhehns the Ught in which we are interested. The ideal situation is to have the 

opposite scenario. One would rather have a small signal with no background than have a 

small difference between two large signals. There is less signal to detect in this case, but 



the signal-to-noise ratio is greatly increased. This situation would be analogous to 

viewing the stars at night and can be accomplished by using light dusting powder on a 

dark background. Again, problems occurred if the prints were not on a smooth enough 

surface or were sufficiently dried out such that the powder would not adhere to the prints. 

There was also the problem that not all prints are left on a dark surface. One would 

ultimately like to have a feasible development technique that would produce this same 

effect without requiring the fingerprint to be on a dark, smooth surface. 

The most significant advancement in print development in the last quarter century 

has been the luminescence detection of fingerprints.*"^ Photoluminescence, the "glow" 

that results from a chemical compound being illuminated with an appropriate light 

source, can be used to detect latent fingerprints with a higher degree of sensitivity, if 

done correctly. Due to the composition of fingerprint residue, fingerprints inherently 

luminesce when illuminated by an appropriate fight source. A freshly deposited 

fingerprint contains about one-tenth of a milligram of material, about 99% of which is 

water.' About half of the other 1% of residue material is inorganic compoimds like salts, 

and the other half is organic compoimds such as amino acids, lipids, and exuded 

vitamins, leaving only nanograms of material apphcable for the various physical and 

chemical development techniques.̂ '*" 

Many additional physical and chemical fingerprint treatments have been 

developed since the advent of photoluminescence detection, including luminescent 

dusting powders, staining dyes, superglue (cyanoacrylate ester) filming, and 

ninhydrin/zinc chloride treatments.* Some of these techniques were used or modified in 



the research described below, and superglue fuming, a non-luminescent precursor to 

many treatments, is briefly discussed in Appendix A. The goal of all of these detection 

methods is to increase sensitivity, i.e., increase the contrast between the fingerprint itself 

and the surface containing the print. With the use of luminescence detection methods, 

filtering of background light is possible, and the luminescent fingerprint can easily be 

photographed with conventional or digital cameras. 

Different detection techniques work best on certain surfaces, mamly depending on 

if they are based on chemical reactions or physical adhesion. When a fresh print is left on 

a very smooth surface such as glass, powders and stains easily adhere physically to the 

print, and development is straightforward. Other surfaces, like paper or cardboard, are 

more porous. Most staining dyes and dusting powders will stick to the whole paper and 

not just the fingerprmt, leaving no ridge development at all. A development process 

utilizing a chemical reaction with the fingerprint is then needed. It is necessary for the 

treatment to chemically react with the residue left in the latent fingerprint and not with 

the surrounding substrate so that viewing the print alone is possible. One must thus first 

consider the type of substrate involved, be it glass, wood, skin, paper, etc. 

Another consideration to be made in fingerprint development is the luminescence 

color of the fingerprint substrate. When the luminescence color of the fingerprint 

treatment is substantially different from that of the substrate, one can visually 

differentiate between the two signals, i.e., optical fiUers can be used to help eUminate 

obnoxious background glow. As the colors of the background and the fingerprint 

luminescences get closer to the same, detection becomes problematic. 



Time-Resolved Imaging 

Ideally, what fingerprint examiners would like is a universal treatment strategy, 

one that would work on any surface and on any color substrate.* One would like to 

develop only fingerprint ridge detail while at the same time be able to eliminate virtually 

all background fluorescence. Some surfaces will always be recalcitrant due to their 

inherent nature. These include skin, processed leather, and absorbent cloth.* Skin is a 

difficult surface because it is very porous and is comprised of the same sebaceous and 

eccrine secretions as fingerprint residue. *'*° Prints on skin are less problematic when the 

fingerprint is left post-mortem because dead skin no longer secretes this residue. 

Processed leathers can also be extremely porous and contain fingerprint residue 

constituents, and they naturally have a very high background luminescence. Cloth 

articles present another problem in that they are usually quite absorbent. Fingerprint 

residue soaks into the material and spreads out, often resulting in an unidentifiable print.* 

Conventional detection techniques fail when used with many surfaces simply 

because these surfaces are intensely luminescent. Varnished wood and certain brightly 

decorated or painted items (including plastics, paper, and the previously mentioned 

leather and cloth) have imtil recently remained less than amenable to standard detection 

techniques because of their high background luminescences. Chemical reactions or 

physical adhesion to the problematic print might be possible, but on the highly 

luminescent surface, the glow from the background simply overwhelms the light emitted 

from the print. This problematic situation becomes worse when the luminescence from 

the fingerprint treatment and the emission of the background are nearly the same color. 



An example of this would be a latent fingerprint developed with a red luminescent 

treatment on a red Coca-Cola can. When this situation occurs, the use of optical filtering 

is not enough to eliminate a sufficient amount of the background to see fingerprint detail 

on the highly luminescent surface. In fact, if the fingerprint and background are of the 

same color, optical filtering would not only get rid of light coming from the background, 

it would also ehminate the light from the fingerprint itself At this point, optical filtering 

becomes useless. 

A solution to this obnoxious background luminescence problem does exist.**' *̂  

Background luminescences are typically very short-lived with fluorescence Ufetimes of 

roughly a few nanoseconds.*^ However, certain fingerprint treatments exist which have 

relatively long-lived Ufetimes, ranging from roughly 10 nanoseconds*"' *̂  to several 

milUseconds.**'* '̂ *' One can thus take advantage of these luminescence lifetime 

differences by selecting a suitable chemistry to be used on the latent fingerprint and then 

using time-resolved (or phase-resolved) imaging techniques, which are discussed below. 

The basic physical prmciple of time-resolved imaging is shown in Figure 1. The 

appropriate laser light is repetitively modulated, or chopped on and off, at a rate that 

allows the long lifetime fingerprint luminescence of interest to be excited. At the same 

time, of course, the short-lived background is also excited. The decay in luminescence 

intensity is given as foUows after Ulumination cut-oflF. 

I = lot"', Eq. 1 

where lo is the mitial intensity, / is the time elapsed, and r is the luminescence Ufetime. 
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Figure 1. Basic physical principle of time-resolved imaging 



This decay is faster for the short-lifetime background than for the longer-lived 

fingerprint luminescence. By gating the imaging device far enough into the dark period, 

the glow from the background will have aheady decayed, and otUy the emission from the 

fingerprint luminescence will be recorded. The subsequent image can be integrated over 

many cycles and captured, resuUing in essentially complete background eUmination.*^ 

One may substitute certain pulsed lasers and thereby eliminate the need for a 

mechanical (or electro- or acousto-optic) light chopper and have directly modulated 

incident Ught. In this case the laser would provide a frigger at the time of the laser pulse 

causing the gate to occur sufficiently into the dark period. Figure 2 depicts the resultant 

luminescence "pulse" of the background signal and the longer decay of the signal of 

interest, as weU as the gate window for imaging. A note should be made, however, that 

the laser pulse width should be comparable to the fingerprint lummescence lifetime T.*̂  

This is because after the onset of the laser pulse, the rise of the fingerprint luminescence 

intensity foUows the equation 

1 = 10(1-^"') Eq.2 

Otherwise, the initial intensity of the laser pulse would need to be quite high. This could 

damage the article of interest because of the fact that most highly fluorescent substrates 

absorb strongly. See Appendix B for a brief discussion and derivation of the above two 

equations for both time- and phase-resolved approaches. 
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Figure 2. Pulsed laser schematic 



Our research laboratory uses a third-generation time-resolved luminescence 

imaging system. (The first-generation system was a feasibility prototype incorporating 

a rotating drum,* and the second-generation system utilized a proximity-focused 

microchannel-plate image intensifier (MCP) mounted at the image plane of a 

photographic camera.) ** See Figure 3 for schematic of the our present system. This 

system uses a desktop computer and a digital CCD camera with a gateable microcharmel-

plate image intensifier in order to provide flexibility of image acquisition and processing. 

(Appendix C describes the MCP and provides a schematic.) The modulation is 

accomplished with a mechanical Ught chopper, and the laser source is a continuous wave 

argon-ion Coherent INNOVA 90-6 unit. We have also investigated using an Iridex 

frequency-tripled Nd:YVO4 laser. 

Fingerprint Lifetimes, t 

As stated earUer, typical background luminescence Ufetimes are typically on the 

order of a few nanoseconds or less. The Ufetime of the treated fingerprint, T, must 

therefore be considerably longer, preferably by at least an order of magnitude, in order to 

be applicable for time-resolved unaging techniques.*^ The foUowing research takes 

advantage of relatively long lifetime luminescence chemistry, namely nanocomposites 

and lanthanide complexes. These have a luminescence Ufetime of around 10 

nanoseconds to about one millisecond, as we shall see. 
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Figure 3. Schematic of our time-resolved imagmg system 
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CHAPTER II 

FINGERPRINTS 

The following two chapters discuss the specific use of nanocomposites and 

lanthanide complexes for the development of latent fingerprints. 

Fingerprint Detection with Nanoparticles 

Photoluminescent semiconductor nanocomposites (such as CdS or CdSe) are also 

referred to as nanocrystalUtes, nanoparticles, nanocrystals, nanoclusters, or quantum dots. 

Their salient features include high photoluminescence efficiency, robustness, and 

encapsulation with flexibility of fiinctionalization with conjugating ligands for the 

selective labeling of fingerprints.'* Their most notable characteristic is the tunability of 

luminescence Ufetimes and excitation and emission spectra by tailoring the size of the 

nanocomposites.*^' *''̂ * The excitation spectra of the nanoparticles are typically very 

broad, leaving much flexibUity in the choice of an excitation Ught source.** They can be 

taUored by size to have luminescences ranging from blue to red, with sharp fluorescence 

peaks.**' *̂  By tailoring the size of the cluster, the luminescence lifetune is also altered, 

but it remains in a range suitable for time-resolved work.*"* The foUowing research looks 

at a number of issues that arise in cormection with the use of nanocomposites on 

fingerprints. These issues include nanocomposite size, concentrations, solvent systems, 

fingerprint treatments, photoluminescence spectra and lifetimes, and range of 

appUcability. 
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Nanocomposite Strategies 

This dissertation discusses two main approaches to using nanocomposites for 

fingerprint detection. The first sfrategy is to encapsulate the individual quantum dots 

(small clusters of CdS or CdSe) in a coating that both protects and flinctionalizes them. 

Nanoparticles prepared m this way are then robust and able to chemically react with 

fingerprint residue.*'*' '* The second approach involves forming the nanoparticles in the 

branches of free-like polymers called dendrimers, discussed in flulher detail below. The 

terminal groups of the dendrimers can be specifically functionalized to react with latent 

fingerprints. These nanocomposites are then like glowing molecular transport vessels 

that tag the latent print. 

At the time of this study, the use of encapsulated nanoparticles for print detection 

was difificuh because of their cost. These must be synthesized in the absence of oxygen 

and are dangerous to make in the laboratory. Nanoparticle/dendrimer composites, on the 

other hand, can easily be made in house. Thus, the first approach was, until recently, less 

practical for the forensic science community. Accordingly, the nanoparticle/dendrimer 

approach is addressed first and in more detaU in this dissertation. 

Small clusters of semiconductors are interesting because of their unique 

spectroscopic properties. As the size of the cluster approaches atomic dimensions 

(-nanometers in diameter), the particle begins to exhibit curious quantum characteristics. 

As seen in Figure 4, the absorption spectra of nanocomposites are extremely broad (from 

the UV to the red), reminiscent of those of buUc semiconductors.*^ 
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Figure 4. General absorption and emission spectra of nanocomposites 
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Both the absorption and emission spectra of nanocomposites, as well as the 

luminescent lifetunes, can be tailored by controlling the size of the nanocomposites. As 

the nanocomposites and nanoclusters become smaller, their spectra blue-shift and their 

lifetimes become longer, as shown specifically later. This result can qualitatively be 

compared to that of the quantum mechanical model of a "particle in a box."^°'^* 

As an aside, nanocomposites have great potential in the biological science arena 

because of their broad absorption and narrower emission spectra. Advantageously, one 

would then need only one light source to visualize several different specimens (say, for 

example, the four bases in DNA) at once with distinctly different luminescence colors.*' 

Dendrimers 

Dendrimers are, as mentioned earlier, free-like polymers possessing dendritic 

branching molecular architectures and Ugand sites that allow the distribution of smaller 

particles within their interiors.^^ These molecules have topological order (an inside and 

an outside). Dendrimers that have regular dendritic branching with approximate radial 

symmetry are called starburst dendrimers.^^ PAMAM Starburst®Dendrimers, purchased 

from Aldrich Chemical, are available in a number of different sizes (repeating unit 

multipUcity) and fiinctional group endings. The generation of the Starburst® Dendrimer 

indicates both size and head-group flmctionality, with the generation number and number 

of terminal groups increasing with dendrimer size. Generations 0.0, 1.0,2.0, 3.0,4.0, 

etc., are amine-flinctionalized (head-group = -NH2) while generations -0.5, 0.5, 1.5,2.5, 

3.5, etc., are carboxylate-fiinctionalized (head-group = -COONa). The repeating unit for 
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aU generations is -CH2CH2C(0)NHCH2CH2N-.^'' The size of the dendrimer depends 

both on the solvent used, the concentration of the dendrimer solution, and the steric 

interaction of the terminal groups (especially for the larger generations).^^ Molecular 

modeling measurements used to measure dendrimer sizes included both extended and 

confracted dendrimer forms.̂ ^ Starburst dendrimers are generally 2-10 nanometers in 

size, with the size increasing with generation number. 

A note should be made about the dendrimer nomenclature. The dendrimer 

generation number in this dissertation follows that of the Aldrich catalog. Because the 

forensic science community consults this catalog above other chemical journals and 

publications, this nomenclature seems the most logical to use. 

CdS/Dendrimer Nanocomposites 

Nanoparticles and dendrimers can be combined to form photoluminescent 

nanocomposites with high luminescence quantum yields that are suitable for fingerprint 

detection. In particular, this study employed the use of CdS/Starburst®dendrimer 

nanocomposites. These nanoparticles have Ufetimes that typically range from 10 to 1,000 

nanoseconds,*^ so they are suitable for time-resolved detection techniques. 

The use of PAMAM dendrimers as container molecules aUows reaction products 

generated in situ to be dispersed as amorphous or sUghtly ordered domains at the 

molecular level within the dendrimer interior; wherein, the branch cells may act as 

separators.^^ Hence, the dendrimers can be thought of as molecular sieves, frapping 

particles and limiting their aggregation size. Figure 5 shows a drawing of this process. 
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Figure 5. Sketch of CdS/dendrimer nanocomposite strategy 
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By controUing the chemical structure and size of the dendrimers, different size 

nanoclusters can be prepared. Thus, as mentioned earUer, the spectra and lifetime of the 

nanocomposites can be tailored as necessary. 

Amino-Functionalized CdS/Dendrimer Nanocomposites 

The first CdS/dendrimer nanocomposites investigated in this research are 

functionalized with terminal amino groups. The basic intent in selecting amino-group-

terminated dendrimers was to target fingerprint Upids, namely fatty acids, i.e., carboxylic 

acids or possibly esters. Ester moieties are also present when fingerprints are processed 

by cyanoacrylate filming.* The Upid focus was motivated by the fact that current 

chemical fingerprint detection methodology typically does not target lipids, but amino 

acids (or proteins) instead, thus mostly neglecting a class of compounds found copiously 

in fingerprint residue. Figure 6 shows the scheme of the desired chemical reaction, with 

the carboxylic acid representing the fingerprint and the amine the CdS/dendrimer 

nanocomposite. Generation 0, 1, and 4 Starburst (PAMAM) dendrimers (available 

commercially from Aldrich) were used in this study, and they have 4, 8, and 64 terminal 

amino groups, respectively. 

CdS/Dendrimer Nanocomposite Preparation 

The dendrimers come in a methanol solution, and the preparation in methanol of 

the CdS/dendrimer nanocomposite simply involves diluting the dendrimer solution and 

adding to it equal volumes of equimolar solutions of cadmium nitrate and sodium sulfide. 
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Figure 6. General scheme of amide formation from amine and acid 
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It does not matter whether the cadmium nitrate is added to the dendrimer first, followed 

by the sodium sulfide, whether the sequence is reversed, or whether both are added 

simultaneously. Sequential aliquot addition (the repetitive addition of about 5 mL, an 

aliquot) was used since small quantities of solution were used, and for convenience, 

cadmium nitrate was added to the dendrimer solution first. Repetitive additions (at room 

temperature) of cadmium nitrate and sodium sulfide used either 5 or 10 aUquots of each 

reagent. In addition to this methanol preparation, a 10% methanol, 90% water 

formulation was also studied. This was prepared similarly, with the dendrimer methanol 

solution appropriately dUuted with water and with the cadmium nitrate and sodium 

sulfide dissolved in 1:9 methanokwater mixture. 

When cadmium nitrate and sodium sulfide are combmed, cadmium sulfide 

generally forms as a yeUow precipitate. In the presence of the dendrimer, however, a 

nanocomposite forms in solution or suspension, depending on concentrations, involving 

nanoclusters of cadmium sulfide molecules bound to dendrimer molecules or to 

aggregates of dendrimer molecules. 

Concentrations 

In this study, the primary interest was in physical fingerprint treatments similar to 

dye staining. Therefore, the fingerprint samples consisted of bare and cyanoacrylate 

ester-fiimed fingerprints (fresh to one-day-old) on Ziploc (polyethylene) sandwich bags 

and aluminum foil. At this point, our two main concerns were the optimal concentration 

20 



of the dendrimer and that of the nanoclusters. We first optimized the dendrimer 

concenfration, then adjusted the concentrations of CdS. 

Initially, the samples were dipped in CdS/dendrimer (Generation 4) methanol 

solutions that had dendrimer concentrations greater than about 10^ M. This resulted in 

solutions that were a bit tacky so that too much background was formed by indiscriminate 

nanocomposite deposition, instead of selective adherence to fingerprints. Thus, 

dendrimer concenfrations between 2 and 8 X 10"̂  M were used in all subsequent 

methanol and 1:9 methanokwater preparations. 

For a given Generation 4 dendrimer concentration in methanol, the observed 

luminescence was blue-green in color regardless of the CdS concentration in the 

nanocoiiqjosite. The luminescence intensity, however, increased with CdS concentration. 

For dendrimer concentrations of 2 X 10"̂  M, immediate precipitation occurred with CdS 

concentrations substantially larger than about 2X10'^ M. At about 2X10"^ M, 

precipitation occurred in time spans of about two days. Therefore, optimal 

CdS/Generation 4 dendruner concentrations in methanol of 8 X 10^ M/2 X 10"̂  M were 

chosen and used. With this choice of concentration, solutions are stable at room 

temperature for at least several days. 

For 1:9 methanokwater solutions, the situation is rather different. In this case, the 

observed luminescence was yellow-orange, and precipitation occurred for CdS 

concentrations greater than about 8 X 10"* M, regardless of dendrimer concentration. The 

optimal CdS/Generation 4 dendrimer concentration was 2X10 M/8 X 10" M. 
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Nanocomposite formation in 1:9 methanol:water solution was also examined with 

Generation 0 and 1 dendrimers. For these lower generations, precipitation prevailed, and 

no usefiil preparations could be made. Nanocomposites could be formed with Generation 

0 and 1 dendrimers with methanol solutions, but they did not work as weU as those with 

Generation 4 dendrimer in terms of the luminescence intensity obtained from 

fingerprints. This was mostly due to the need to keep CdS concentrations low in order to 

prevent precipitation. Evidently, the tolerable concentration of CdS is dictated by the 

number of terminal amino groups and the solvent used. 

The observation that photoluminescence color was basically invariant within each 

of the two solvent systems (excluding cases of precipitation), regardless of CdS 

concenfration and dendrimer concentration, indicates that nanocluster size is essentially 

constant (for a given dendrimer generation and solvent), with nanocluster concentration 

varying.'^ The optimizations given above were determined on the basis of solution 

luminescence intensity (with solution stability required as well) and also intensity of 

fingerprint development. One criterion went hand-in-hand with the other. 

Spectroscopy 

Absorption spectra were obtained for CdS/Generation 4 dendrimer solutions in 

methanol and 1:9 methanokwater. See Figure 7 for these spectra (7 X lO"'* M/4 X 10'̂  M 

and 7 X 10"̂  M/8 X 10"̂  M, respectively). Comparison with previously pubUshed 

absorption spectra indicates CdS nanocluster sizes of about 2.5 and 3 nm, respectively.*^ 
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Figure 7. Absorption spectra of CdS/generation 4 dendrimer nanocomposites in 
methanol (solid curve) and in 1:9 methanokwater mixture (dashed curve) 
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The presence of Forster-type energy transfer is indicated by the fact that the fmgerprint 

photoluminescence color in the methanoI:water case is orange (unusually far red-

shifted).' Excitation spectra were in agreement with the absorption band-edges, i.e., 

luminescence drop-off at excitation wavelengths longer than about 360 and 390 nm for 

methanol and 1:9 methanokwater solutions, respectively.*^ 

Photoluminescence Ufetime measurements used phase-resolved techniques (see 

Appendbc A). For both the methanol and 1:9 methanokwater cases (solutions at room 

temperature), the luminescences were best interpreted by three-component fits. For the 

methanol case, the main component, with intensity fraction of about 0.6, had a Ufetime of 

about 120 ns. The next component, with intensity fraction of about 0.3, had a lifetime of 

about 30 ns, and the third component had a Ufetime of about 3.5 ns. These values were 

reproducible over a range of CdS/dendrimer concentrations. For the 1:9 methanokwater 

case, the longest-Uved component, with intensity fraction of about 0.35, had a Ufetime of 

about 300 ns. The next component, with intensity fraction of about 0.45, had a Ufetime 

of about 60 ns, and the third component had a Ufetime of about 4.5 ns. Once again, there 

was reproducibiUty over a range of CdS/dendrimer concentrations. Solution emission 

spectra showed broad luminescences peaked at about 480 nm (100 nm FWHM) for 

methanol and 550 nm (130 FWHM) for 1:9 methanokwater. 

Fingerprint Treatment 

Development of fingerprints involved simply dipping the aluminum foil or 

polyethylene sample in the CdS/dendrimer solution, then allowmg them to dry 
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completely, letting any excess solution drip off the sample. With most fingerprint 

staining, as with rhodamine 6G after cyanoacrylate-ftiming, the staining involves 

spraying the article or immersing it in the dye solution for several seconds.* Staining, 

therefore, is essentially instantaneous. However, with the CdS/dendrimer solutions, the 

immersion took hours instead of seconds. Methanol solution dipping was not successflil 

on unflimed prints because the methanol solvent was too aggressive and tended to wash 

the print away. Fumed prints, however, developed readily. Shown in Figure 8 is an 

example print which was photographed with a digital camera (Kodak DC 120) under 

near-ultraviolet excitation (about 50 mW) from an Ar-laser. The methanokwater solvent 

system lent itself to filmed as well as unfiimed prints. Immersed articles were left in 

solutions overnight and then inspected. An example of prints developed in this way, 

excited and photographed as above, is shown in Figure 9. Adherence of the 

nanocomposite everywhere made detection of (unfiimed) prints on paper impossible. 

The long dipping times suggest that reaction of the amine flmctionality of the 

dendruners with carboxylic acid of the fingerprint residue or, for that matter, the 

cyanoacrylate polymer is perhaps occurring, forming amide bonds. This is a widely used 

labeling strategy. However, OH is a poor leaving group.̂ ^ Thus, it was stiU unclear at 

the time of this study whether the fingerprint development was dominated by chemical or 

physical mechanisms. Thus, a study utUizing dUmides to produce an intermediate ester 

from carboxyUc acid to facilitate the subsequent formation of amide linkages was done. 
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Figure 8. Cyanoacrylate ester-fiamed fingerprint on aluminum foil, developed 
with CdS/dendrimer generation 4 in methanol solution 

N. B. Photographs lose contrast compared to the originals upon reproduction. 
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Figure 9. Unfiimed fingerprint on polyethylene, developed with 
CdS/dendrimer in 1:9 methanokwater solution 
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Diimide Enhancement 

The preliminary results from the CdS/Generation 4 dendrimer nanocomposite 

study suggested that chemical bonding to carboxyUc acid or ester moieties of the 

fingerprint residue by way of the amino terminal groups of the dendrimer (forming amide 

linkages) was taking place, but it was not clear to what extent such bonding occurred, as 

opposed to preferential adherence to fingerprints by physical mechanisms similar to those 

involved in fingerprint staining with fluorescent dyes. Thus, the goal was to determine 

whether chemical labeling of fingerprints is, in fact, taking place. This is necessary if 

universal applicability, especially in cormection with porous surfaces, is eventually to be 

achieved. 

In the approach of bonding to Upids (fatty acids) of fingerprint material, it is to be 

recognized that since OH is a poor leaving group, one has to anticipate that the reaction 

to form the amide linkage might not occur easily. Accordingly, the use of diimides to 

convert the carboxylic acid to an ester that more readily reacts with amine to form the 

amide was examined. In this reaction, shown m Figure 10, RCOOH represents the 

fingerprint carboxylic acid, R"'-N=C=N-R" the diunide, R"'-NH2 the dendrimer, and 

RCONHR'" the formed amide, namely the tagged fingerprint. 
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Figure 10. Scheme of desired reaction for use of diimide 
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Diimide Pre-Treatment 

The initial fingerprint freatment by dumide utilized 1,3-

dicyclohexylcarbodiimide. As obtained commercially, this non-polar compound comes 

in IM dichloromethane solution. For reasons of economy, this solution was flirther 

diluted with dichloromethane. However, reasonably high diunide concentration should 

be desfrable to minimize the time needed for reaction, which is important to minimize 

bleeding of fingerprint detail. Somewhat arbitrarily, we settled on a 2.5% diimide by 

weight working solution. Both cyanoacrylate fumed and unfiimed fingerprints (on 

aluminum foil, polyethylene, and paper in the unfiimed case) were immersed in the 

diimide solution (at room temperature) for varying amounts of time. Since the 

cyanoacrylate polymer formed by fingerprint filming already contains ester moieties, no 

effect should result from exposure to diimide. The immersion of filmed prints thus was 

intended to serve as a control experiment. Indeed, comparison of filmed fingerprints that 

were immersed in the diimide and fingerprints that were immersed for equal times in neat 

dichloromethane showed no differences in development after subsequent treatment with 

CdS/Generation 4 dendrimer and luminescence examination. Unfiimed fingerprints 

could be exposed to the dumide solution or dichloromethane solvent for only short times 

(on the order of minutes) because the fingerprints tended to be dissolved. The situation is 

reminiscent of the limit in the time an unfiimed fingerprint can be exposed to a methanol 

solution of CdS/dendrimer. With such short unmersion times, no appreciable difference 

in the subsequent CdS/dendrimer development of fingerprints was found. 
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Because the CdS/dendrimer nanocomposite tends to adhere everywhere on 

polyethylene, not just to fingerprints, the results with this material were difficult to 

visualize. A similar background problem was found with paper as well. Thus, the focus 

in the work below was on fingerprints (fresh to 2-weeks-old) on aluminum foil. Because 

of dissolution of fingerprint constituents in the aggressive dichloromethane, the use of a 

dumide that is soluble in water, namely l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride, was examined. Initially, we selected as the solvent system the 1:9 

methanokwater mixture of our earlier study of CdS/dendrimer development of unfiimed 

fingerprints. Prolonged immersion in this diimide solution resulted in chemical attack on 

the aluminum foU itself, however. Thus, the methanol was deleted, and the diimide 

fingerprint pre-freatment used a standard solution of 2.5% diimide (by weight) in water. 

Fingerprints immersed in water alone for the same time served as controls. Subsequent 

CdS/Generation 4 dendrimer fingerprint processing utilized 2X10"^ M/8 X 10"̂  M 

nanocomposite formulation and 1:9 methanokwater solvent system, as described in detail 

above. 

Dumide pre-freatment of fingerprint halves for times ranging from seconds to 

roughly one hour produced no enhancement over the corresponding water-immersed 

control-halves. However, for time spans from about 5 to 24 hours, substantially 

enhanced CdS/dendrimer development of fingerprint detail was found, with the 

enhancement increase leveUng off by about 24 hours. An example of such diimide-

enhanced (24 hours) CdS/dendrimer fmgerprint detection is demonstrated in Figure 11. 
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Figure 11. CdS/generation 4 dendrimer-developed fingerprint on aluminum foU with 
(top half) and without (bottom half) diimide pre-treatment 
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Our observations are an indication of predominant chemical fmgerprint development, 

ahhough there is some contribution by preferential physical adherence of the 

nanocomposite, as also indicated by resuhs with polyethylene, paper, and cyanoacrylate 

ester-fiimed fingerprints. 

Generally, chemical reaction rates increase with temperature. Thus, we examined 

diimide pre-freatment at 60°C, as compared with room temperature. At the elevated 

temperature, however, chemical attack on the aluminum foU substrate itself occurred for 

heating times longer than about one hour. With shorter heating times, no enhancement 

increase wdth heating was observed. If there is also chemical bmding of the 

nanocomposite to the fingerprint residue in the absence of the diimide pre-treatment, then 

one might expect to also see some increase in fingerprint development directly by 

CdS/dendrimer solution upon elevation of the temperature. Indeed, such iocrease is 

found, as shown in Figure 12, which compares the two halves of a fingerprint developed 

for five hours at 60°C and at room temperature 

Because of the problem of adhesion of unreacted nanocomposite to substrates 

holding fingerprints, we examined the prospect of sequential development in which the 

print is first subjected to immersion in diimide solution, then rinsed, then immersed in 

dendruner solution (without CdS incorporated into the dendrimer), rinsed again, and 

finally subjected to in sim incorporation of nanoparticles (CdS in the present study) of the 

photoluminescent semiconductor material, foUowed by a final rmse. The rinsings after 

each chemical step would serve to remove, as much as possible, unreacted material. 
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Figure 12. CdS/generation 4 dendrimer-developed fingerprint on 
alumiaum foil with (top half) and without (bottom hal^ heating 
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PreUmmary results show that this sequential development is feasible. Gentle 

rinses with acetone appear to be promising. Optimization of chemical and rinsing 

solvents, concentrations, reaction temperature, pH, substrate effect, etc., will require 

extended experimental work that is beyond the scope of the current study. However, the 

matter of acetone utUization is finther considered below in connection with carboxylate-

fimctionalized dendrimer. 

Carboxvlate-Functionalized CdS/Dendrimer Nanocomposites 

Looking back at Figure 6, one could equally envision a strategy in which the 

amine represents the fingerprint and the acid the dendrimer. This would be an analog to 

amino acid or protein-based procedures such as ninhydrin and DFO (l,8-diazafluoren-9-

one).* Thus, dendrimers with carboxylate flinctionality were also mvestigated in this 

study. 

Generation 3.5 Starburst® dendrimer, which has carboxylate (sodium salt) 

terminal groups, was selected because, like generation 4, the dendrimer has 64 terminal 

groups. Thus, direct comparison with generation 4 dendrimer can be made. The 

CdS/dendrimer nanocomposite preparation was performed in a maimer identical to what 

was reported already in this dissertation, with methanol as well as 1:9 methanokwater 

solvent systems and 2X10"^ M/8 X 10'̂  M CdS/dendrimer concentration. As with 

generation 4, the methanol solution formulation was ineffective with unfiimed fingerprint 

samples. With filmed fingerprints, the resuhs were roughly comparable to those seen 

before with generation 4, with no advantage presented by generation 3.5. The 1:9 
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methanokwater formulation of CdS/generation 3.5 dendrimer produced no fingerprint 

development at all for unfiimed fmgerprints on aluminum foil (or polyethylene), in 

contrast to what is obtained with the generation 4 counterpart. This might not be entirely 

surprising because different ingredients of the fmgerprint residue are targeted. Lipid-rich 

fmgerprint residue pertains to our study (e.g., from fingers mbbed on the forehead). Thus 

the protein or amino acid of interest (to CdS/generation 3.5) might be expected to be 

buried among or beneath the Upids present.*^ The situation would be aggravated by the 

fact that the polar reagent solvent system is inherently incompatible with the non-polar 

lipids. This incompatibility is reminiscent of what is encountered in Upid fmgerprint 

development with lanthanide chelates.'^ There, the solution to the difficulty involved 

addition to the solvent system of a small amount of acetone for the purpose of Upid 

solubilization. The same approach was employed here, with acetone concentrations up to 

20% by volume added to the 1:9 methanokwater solution. The acetone additions 

produced only sporadic fingerprint development with generation 3.5 dendrimer upon 

sample (fingerprint on aluminum foil) immersions for as many as four days. In contrast, 

crisp luminescent detail was consistently found vsdth generation 4 dendrimer after such 

immersions. This suggested that the solubilization issue was not the cause for failure. It 

occurred that instead the poor suitability of the dendrimer's carboxylate functionality for 

attack on the amino acids of fingerprint residue was the culprit. Thus, the treatment of 

generation 3.5 dendrimer with diimide prior to fmgerprint treatment was examined. The 

successful sequence (in 1:9 methanol:water) was: generation 3.5 dendrimer + 

stoichiomefric amount of dumide (keeping in mind that 64 fiinctional groups are present 
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in each dendrimer molecule) + heating at 60 °C over night + CdS incorporation -i-

fingerprint immersion. Figure 13 shows an example of a thus-developed fmgerprint. The 

stoichiometric addition of diimide (about 2.4 X 10^ M dendrimer: 1.5 X 10'̂  M diimide) 

was intended to minimize formation of ester in the fmgerprint residue itself upon 

subsequent sample immersion, which would tie up amino acid that otherwise could react 

with dendrimer. The heating step was essential. Without it fmgerprint development was 

only very faint. The l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

attacks aluminum foil to give it a tarnished appearance much like tarnished silver. In 

absence of the heating step, the subsequently immersed aluminum foil fingerprint 

samples acquire this tarnishing, and thus, there is an accompanying counterproductive 

reaction of the diimide with carboxylic acid of the fingerprint residue. In presence of the 

heating step, no aluminum foil tarnishing is seen, indicating that the diimide is indeed 

reacting with the dendrimer, as is desired. CdS/dendrimer nanocomposite formation 

foUowed by dumide addition was not a successful sequence, perhaps because of 

excessive aggregation preceding the addition of the diimide. Some indication of this is 

provided by the substantial red shift in solution luminescence for dendrimer + CdS + 

diimide compared to dendrimer + diimide + CdS. The luminescence of Figure 13 

(intensity quite comparable to what one gets with generation 4) is orange, in contrast to 

the yellow-green luminescences pertinent to Figures 11 and 12. It is nicely excitable by 

near-ultraviolet, as weU as blue (although more weakly). Both are obtainable from Ar-

lasers, a convenience for the necessarily laser-based time-resolved imaging 

instrumentation. 
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Figure 13. Diimide-mediated development of fingerprint on aluminum 
foil with CdS/generation 3.5 dendrimer 
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We believe that we have achieved a reasonable grasp of the chemistry of 

fmgerprint labeling with dendrimers. Thus, we now extend our study to functionalized 

photoluminescent nanocrystals and composites beyond CdS. 

Encapsulated Nanocrystals 

Thus far in this dissertation, only the use of CdS in combination with dendrimers 

(into which the CdS was incorporated) has been described. Previous work with 

nanocrystals involved using encapsulated CdS as a staining dye.*'* In this section, CdSe 

nanocrystals, whose emissions can also be taUored to range from blue to red with 

corresponding variability in excitation that ranges from UV to red,'* become of interest. 

These nanocrystals of interest are encapsulated with ZnS (or siUca). The encapsulation 

serves the two main purposes of protecting the CdSe, hence its luminescence efficiency, 

and allowing one to attach Ugands to the nanoparticle that can then selectively bind to the 

species one wants to detect.'* Figure 14 graphically describes use of encapsulated 

nanocrystals. Given the amide chemistry described above in connection with 

CdS/dendrmiers, the CdSe/ZnS nanocrystals are frequently amino or carboxylate 

fimctionalized, just like the terminal groups of our dendrimers. 
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Figure 14. Graphical representation of encapsulated nanocrystals 
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The following example illustrates the CdSe quantum dot development of latent 

fingerprints. An aluminum foil sample containing half a print about one month old (not 

cyanoacrylate ester-flimed) was immersed in a water solution containing the water-

soluble CdSe/ZnS/carboxylate-flmctionalized nanocrystals in one micromolar 

concentration and the water-soluble l-(3-dimethylammopropyl)-3-ethylcarbodiimide 

hydrochloride in eight micromolar concentration. The 1:8 nanocrystakdiimide proportion 

was chosen to minimize nanocrystal aggregation (one typically would use more 

carbodumide). The low nanocrystal concentration was dictated by low sample 

availability. In eventual practice, one would work at much higher concentrations. 

After 24 hour immersion at room temperature, the fingerprint detaU (red emission, 

blue-green Ar-laser excitation) shown in Figure 15 emerged. The corresponding other 

fingerprint half, immersed at room temperature for the same time in a solution of equal 

quantum dot concentration, but without the carbodumide, showed no detail whatsoever. 

Considerable aggregation did occur over the 24 hour time span. Heating at 60°C for five 

hours destroyed the nanocrystal samples (severe aggregation and also serious loss of 

luminescence). Minimal reaction only was found when samples were kept at (near 4°C) 

refrigerator temperature for up to five days. 

We have not yet reduced to practice the amino-functionalized counterpart, but 

given the similarity to what we have found with correspondingly functionalized 

CdS/dendrimer nanocomposites, this should only be a matter of time. Of course, much 

work remains to be done to define optimized reaction protocols generally in this area. 
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Figure 15. Developed fingerprint after 24-hour immersion in 1:8 CdSe 
nanocrystakdiimide solution at room temperature 
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We are as well beginning to explore a number of approaches to the combination of CdSe 

quantum dots with dendrimers. 

AUhough such quantum dots are still costly and not available in large quantities, 

their commercial availability is imminent. Companies have formed within the last few 

years (e.g., Quantum Dot Corp., Palo Aho, CA) and are in production. However, at the 

time of the study, one could generally only get experimental samples from them. In the 

near future, encapsulated quantum dots may become just as, if not more, feasible than the 

dendrimer nanocomposite strategy. 

Latent Fingerprint Detection Using Lanthanide Complexes 

Lanthanide complexes have the necessary long lifetimes and thus have been used 

for many years in conjunction with time-resolved imaging. In fact, the lifetimes are very 

long so that the instrumentation is easy. The main problem with previously existing rare-

earth based techniques is that they can only be used for relatively fresh prints when on a 

porous surface.* Therefore, until now, prints on paper that were much older than a few 

days could not be detected using time-resolved imaging techniques. 

Europium is a lanthanide with a Ufetime of miUisecond order, and thus is a great 

candidate for time-resolved imaging. However, Eu^^ typically absorbs poorly, and hence 

will emit poorly, when not fully coordinated.* The Eu^^ ion is generally considered to 

have eight- or nine-fold coordination, dependmg on the size of the conjugating ligands 

(eight-fold coordination for large Ugands, nine for smaller ones). If the europium ion is 

placed in aqueous solution, the coordination of a non-saturated europium complex may 
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be completed with waters of hydration.'^' '*' '̂ '̂ ^ This hydration will greatly quench 

desired luminescence because energy that would have gone towards emitting light mstead 

is lost to vibration. In this situation, radiation energy transfer competes with the radiative 

processes through coupling of the emissive states to the 0-H vibrational overtones of 

coordinated H2O molecules. The solution to this problem is to produce chelates of Eu^* 

with a ligand that absorbs well and that then transfers the excitation energy to the 

europium ion. Figure 16 depicts this energy transfer from ligand to lanthanide for both 

Eu "̂  and Tb . This chemical process of completing the coordination then serves to 

increase luminescence. ' ' ' Thus, in this coordination process, at least one Ugand 

serves in labeling the fingerprint while the other Ugands that displace hydration waters 

help to sensitize europium luminescence. 

Lanthanide ions typically absorb poorly when not complexed with sensitizing 

ligands.' The fact absorption for lanthanide ions is generally low is because the 

electronic transitions in the visible and near-ultraviolet involve sub-levels within the 4f 

(unfilled) shell. The transitions are parity-forbidden, violating the Al = 1 atomic selection 

rule. The transition may, depending on the specific states involved, be spin-forbidden as 

weU. 

The problem of poor lanthanide absorbance is overcome by complexing the 

lanthanide ion with a ligand that absorbs Ught weU and that then transfers that excitation 

energy intramolecularly to the lanthanide ion of the complex, resufting in an increased 

lanthanide luminescence. This process of energy transfer is akin to the Forster 

• 7R 

inter molecular energy transfer process mentioned earlier. 
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This energy transfer is relatively efficient because of the small distance between the 

ligand and the lanthanide ion of the complex (energy transfer efficiency varies as r"̂ , 

where r is the distance between the ligand and the ion).' 

Taking another look at the energy diagrams for europium and terbium in Figure 

16, it is worth noting that the ligand absorption (to the first excited term) is in resonance 

with the emitting level of the lanthanide ion, but that this absorption by the Ugand 

produces no enhanced lanthanide emission. This is because the lower states are 

essentially pure f states, and for this reason, are not amenable to energy transfer from the 

ligand states (made up of atomic p states, yielding the forbidden case of Al = 2).' 

However, absorption involving a higher excited state (in the ultraviolet) produces 

enhanced emission. The higher lanthanide states are not as pure, containing s or d 

admixtures, and are therefore more compatible with energy transfer on parity grounds.* 

Thus, aU the lanthanide complexes discussed below absorb in the near or far UV. 

SYPRO® Rose Plus Protein Blot Stain 

SYPRO® Rose Plus Protein Blot Stain is a lanthanide complex obtained from 

Molecular Probes. This compound consists of an organic component (classified by 

Molecular Probes) and europium. Proteins stained with SYPRO® Rose have a broad 

excitation peak (from about 380 nm down) with a maximum at about 350 nm and a 

narrow luminescence emission peak (on the order of 10 nm in width) with a maximum at 

about 610 nm.̂ ^ This spectrum allows excitation in both the near and far ultra-violet 

regions and red emission that is so intense that illumination with a UV lamp is sufficient 
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for photographic and viewing purposes. Additionally, since this is a europium complex, 

SYPRO® Rose can be used with time-resolved imaging techniques. 

Molecular Probes advertises SYPRO® Rose as a protein reagent. After initial 

investigation, we suspected that SYPRO® Rose chemically bonds with the amino 

functional groups of proteins to produce a fully-coordinated, highly sensitive label for 

fingerprints. In order to confirm these suspicions, various amino acids were spotted on 

TLC plates and then soaked in SYPRO® Rose. Similarly, pahnitic acid, a naturally 

occurring carboxylic acid with no amino group, was spotted and soaked. The spots of 

amino acids glowed intensely, but where the amino acids were not present, the 

luminescence intensity was very low. There was also no apparent luminescence intensity 

increase for the pahnitic acid spots, so this protein reagent must not be binding to the 

carboxylic functional groups of a protein. Instead, SYPRO® Rose must target ammo 

fimctional groups to complete the labeling/sensitizing coordination process. 

The actual procedure used for developing fingerprints using SYPRO® Rose is 

very simple. Fingerprint development was achieved simply by soaking the print in 

undiluted SYPRO® Rose for approximately 24 hours. This development process gives 

clear fingerprint ridge detail even for older (over 2 months) prints on paper. The 

fingerprint in Figure 17 was about 3 months old at the time it was developed with 

SYPRO® Rose. On occasion, we have been able to successfully develop prints on a 

common yet even more problematic and porous substrate, leather. Figure 18 shows such 

a print. 
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Figure 17. Month-old print on paper developed with SYPRO® Rose 
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Figure 18. Fingerprint on leather developed usmg SYPRO® Rose 
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Because of the success of SYPRO® Rose on typically problematic surfaces, such as 

paper and leather, and on older prints, we believe this to be the most promising and 

feasible of aU the tested lanthanide complexes. 

Resolve-Af^ EuFOD 

Resolve-Al^"^ EuFOD is an europium chelate purchased from Aldrich Chemical 

Company.^" Less commonly called tris (6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-

octanedionato) europium (III), this coordinatively-unsaturated europium complex is more 

conveniently known as Eu(F0D)3.*^ Its structure is provided in Figure 19. Eu(F0D)3 is 

a covalent charge-neutral compound, soluble in nonpolar solvents like aUphatic 

hydrocarbons.*^ Experimental evidence has shown that Eu(F0D)3 reacts with alcohols, 

ketones, carboxylic acids, and amino acids.'^ Therefore, it makes a great candidate for 

fingerprint detection. 

Solvent System 

Eu(F0D)3 is not soluble in water (a fingerprmt examiner's first choice of solvent 

because it is so mildly aggressive), and in this case, one wants to avoid choosing it as 

solvent anyway. Solvents containmg significant amounts of water are not suitable 

because direct coordination of water molecules to the europium center tends to quench 

the luminescence. (This problem of completing the europium coordination with waters 

of hydration was encountered earlier with SYPRO® Rose and wUl be seen agam in 

connection with Quantum Dye.) 
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Figure 19. Molecular structure of Eu(F0D)3 
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This europium chelate readily dissolves in petroleum ether, which was therefore 

used as the solvent for fingerprint development. Petroleum ether, being extremely 

aggressive, limited print immersion times from a few seconds to just under a minute. 

Leaving fmgerprint samples in solution for longer times resuhed in smudged print 

development. 

Procedure for Eu(F0D)3 

The process of using Eu(F0D)3 to develop fingerprints is quick and easy. The 

concenfration of Eu(F0D)3 is not a critical factor, and immersion times took only 

seconds. One could simply take a small scupula of Eu(F0D)3 powder (about 35 mg) and 

mix it in a petri dish filled with about 15 mL of petroleum either. Prints would then be 

immersed for 20 to 30 seconds, removed, and let dry. Consistent print development was 

seen for any concentration between 10'̂  to 10"̂  M and 5-30 second immersion times. A 

stock solution of 2 x 10'̂  M concentration and an immersion time of 20 seconds were 

used to develop the fingerprints in Figures 20 and 21. In an effort to minimize 

background luminescence of unreacted Eu(F0D)3, the photograph in Figure 21 utUizes a 

band-pass filter (600nm center, 42.5nm FWHM). Figure 22 shows a print developed 

with Eu(F0D)3 on a high background surface before and after using time-resolved 

imaging techniques. 

We also found that Eu(F0D)3 was compatible with fresh previously cyanoacrylate 

ester-fumed fingerprints. Print development was not as clear or intense compared to 

development of fresh fmgerprints that were not fimied, but ridge detail was still visible. 
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Figure 20. Fresh fingerprint on paper developed with Eu(F0D)3 (yeUow filter) 
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Figure 21. Fresh fingerprint on paper developed with Eu(F0D)3 (yellow filter plus 
bandpass filter) 

54 



Figure 22. Fingerprint on a high background surface before and 
after time-resolved imaging (developed by dusting with Eu(F0D)3) 
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The fact that this reagent may be used with fumed prints is an important factor because 

many forensics labs almost immediately fume evidence on smooth surfaces in order to 

stabilize the prints. It is always an advantage to use a reagent that will effectively 

develop prints subsequent to such previous treatments. 

Based on our studies, Eu(F0D)3 does not produce clear development of aged 

(over a few days old) fingerprints, either. This is in agreement with other studies using 

Eu(F0D)3 as fingerprint development reagent.** Eu(F0D)3 does have its limits, but it has 

proven to be a quick, easy, and reUable fmgerprint freatment for freshly deposited prints. 

Ouantum Dve^*^ Labeling Kit 

The Quantum Dye^"^ Labeling Kit, purchased from Research Organics, contains 

one vial of activated Quantum Dye, one bottle of enhancer reagent, and a protocol sheet. 

Quantum Dye is another europium chelate, which conjugates to biomolecules via a 

prhnary amme group. Figure 23 schematically diagrams the structure of Quantum Dye. 

Figure 24 shows the reaction of the isothiocyanate functional groups of the Quantum Dye 

with a primary amine, possibly from fingerprint residue. The Quantum Dye:Enhancer 

Complex has an excitation maximum at 363 nm and an emission maximum at 620 nm 

(10 nm at FWHM).^* This chelate possesses a Ufetime of more than 300 microseconds.^* 

Thus, again, one could take advantage of time-resolved imaging. 
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SCN "^N--^CH,--Q^NCS 

Figure 23. Molecular structure of Quantum Dye 
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s 
R'N=C=S + R-NH^ • R-NH-C-NHR" 

isothiocyanate primary amine thiourea 

Figure 24. Reaction of isothiocyanate with a primary amine 
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Procedure for Quantum Dyê "̂  

Great deviation from the Quantum Dyê "̂  Labeling Kit procedure protocol sheet 

had to be taken because this kit was meant to be used for an in situ reaction, and we are 

constrained to reacting on a solid substrate. Immediately before use, a quantum dye stock 

solution (consisting of one vial of Quantum Dye, 0.5 mL dimethylsulfoxide (DMSO), 1 

mL methanol, 5 mL buffer solution, and 10 mL water) was made. The buffer solution 

contained 0.86 g of sodium carbonate and 1.73 g of sodium bicarbonate in 100 mL of 

water (pH 9.2-9.4). The enhancing solution was made at the same time. It was 

essentially the same as the Quantum Dye solution, except that it contained one vial of the 

enhancer compound, 4,4,4-Trifluoro-l-(2-thienyl)butane-l-3-dione (M.W. = 222.2), in 

place of the Quantum Dye, and it contained no DMSO. 

Fresh and aged (at least a week old) prints were immersed in the Quantum Dye 

for roughly 2 hours. (Overnight immersions were too affected by the DMSO.) The 

prints were then taken out and left to dry. The prints were then immersed in the enhancer 

solution for 30 seconds to one minute, removed, and dried. Successful photoluminescent 

development of prints (both fresh and aged) was achieved using this procedure. Figure 

25 shows an aged (several weeks old) print developed with Quantum Dye. 

A procedure involving a water rinsing between the Quantum Dye and the 

enhancer immersions was tried, but no enhanced print developed. Development was 

produced, however, by filming fresh fingerprints with cyanoacrylate ester before 

developing them with the previously described treatment. Figure 26 shows a fumed print 

developed this way. 
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Figure 25. Several-week-old print developed with Quantum Dye:Enhancer 
(absorption in far UV) 
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Figure 26. Cyanoacrylate ester-fumed print developed with 
Quantum Dye:Enhancer (absorption in near UV) 
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Initially, the prints were filmed in an attempt to stabilize them against the 

aggressive DMSO in the solution. Interestingly, the absorption spectrum of the complex 

was red shifted with this filming process. No red-shift or luminescence enhancement 

took place in regions vicinal to the fmgerprmt, even though they were heavily covered by 

the cyanoacrylate ester as well. This suggests that chemistry is occurring between the 

cyanoacrylate polymer and the reacted fingerprint residue. I propose that the Quantum 

Dye:Enhancer complex is reacting with the amines in the fmgerprmt residue as well as 

the cyanoacrylate polymer. The cyanoacrylate polymer has nitrite functional groups, 

which could react with the Quantum Dye:Enhancer complex after the complex has 

undergone the amidation reduction reaction with the amine.̂ ^ I speculate that these 

functional groups cyclize in the process.^^ This resuhing conjugation would most likely 

increase quantum efficiency (by increasing molecular stability)^^ and make the molecule 

larger, resuking in the red-shifted spectrum. 

A note should be made that the Quantum Dye seems to only be good for a one

time use. After any paper immersion for longer than about 24 hours, a whitish precipitate 

could be seen in the Quantum Dye solution after removal of the fingerprint sample. Any 

further immersions showed Uttle to no development. 

At the time of purchase, and still now, the Quantum Dye Kits are rather costly for 

a small, one-time use treatment. Their feasibility is put into question again because of the 

quality and consistency of fmgerprint development it yields. Therefore, this europium 

chelate may not be the best way to go when one is looking for a simple, reliable method 

of print development. However, the isothiocyanate fiinctional groups may be kept in 
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mind when looking for possible future lanthanide chelates due to their propensity to react 

with amino fiinctional groups. 
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CHAPTER III 

TRACE EXPLOSIVES 

There are several methods for the field detection ofexplosives. These include x-

ray exammation (used only for bulk explosives and fumg mechanisms), portable gas 

chromatographs (sniffers, used mainly for bulk explosives), and chemical based test kits 

(appropriate for both buUc and trace amounts). The currently used trace explosive test 

kits rely on a colorimetric reaction product for positive detection and identification of 

explosive residues. This colored product is not easily differentiable from a control for 

low explosive concentrations. However, no field test kit based on detection involving 

luminescence is presently known to us. In using lummescence detection, one gains at 

least one to three orders of magnitude in detection sensitivity, as we shall see. The first 

of the foUowing two chapters compares the luminescence versus the colorimetric 

approach for the Explosive Testing Kit (ETK'''"^). The second chapter investigates the 

utilization of lanthanide complexes in order to apply time-resolved imaging techniques to 

trace explosives detection. 

The Explosive Testing Kit (ETKP'"^) 

The Explosive Testing Kit (ETK'''"'), manufactured by Israel Institute for 

Biological Research and used by Israeli security forces and others, is used for detecting 

military, commercial, and improvised explosives."'^'* This kit is based on the reaction of 

explosives with a series of reagents encapsulated in glass ampoules within four plastic 
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tubes numbered from 1 to 4. The reagents may be used either spotted onto a swipe 

(which has been applied to surfaces suspected to be contaminated with explosives), on a 

solid residue, or directly in solution. The result of the reaction is unmediate with a highly 

colored and luminescent product indicating a positive detection of explosive material in 

the sample.^^ 

The ETK"""̂  is designed to test for four groups ofexplosives using four separate 

reagents. Tubes 1 and 2 are designed to detect military and commercial explosives and 

accelerants (nitro-aromatics and nitrate esters) and ttibes 3 and 4 are designed to detect 

improvised (homemade) explosives (inorganic nitrates, chlorates and bromates). See 

Table 2 below for various reaction results for aU four groups. 

Table 2. Trace Explosives Detection Reference Table 33 

Using tube 
no. 

1 

1 + 2 

1 + 2 + 3 

4 

Expected 
color 

Pink to red 

Yellow 

Purple to red 

Red 

Blue 

Conclusion 

Explosives from group I 

(TNT, DNT, TNB, TETRYL) 

picric acid 

Explosives from group II 

(NG, PETN, RDX, HMX, NC, C4, SEMTEX, 

smokeless powder) 

Explosives from group III 

Inorganic nitrates 

Explosives from group IV 

Inorganic chlorates and bromates 
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The interest of this paper lies in detection ofexplosives from group II, specificaUy 

nitroglycerm, RDX, and smokeless powder. These explosives from group II were 

initially of particular interest to us because of their reddish reaction product. Red 

compoimds generally absorb green light rather well, and many of them are 

photoluminescent. It so happens that most forensic labs have either an argon-ion laser or 

a frequency-doubled Nd:YAG, both of which produce the requisite green light. 

Glycerol trinitrate (Nitroglycerin, NG) is a nitrate ester with the molecular 

formula C3H5N3O9. l,3,5-Trinitro-l,3,5-triazacyclohexane (RDX) is a nitramine with the 

molecular formula CsHeNeOe. Smokeless powder, a widely used propeUant, is based on 

nifrocellulose (NC).̂ '*' ̂ ^ NitroceUulose, or cellulose nitrate, is the nitrate ester of 

ceUulose and has the molecular formula (in its trinitrate form) [C6H702(ON02)3]n- See 

Figure 27 for molecular structures. There are three main types of smokeless powder. 

PropeUants containing only plasticized NC as energy source are caUed single-base 

propeUants. Double-base propellants contain also liquid explosive plasticizer such as 

NG. Triple-base propellants incorporate also a crystaUine explosive such as 

nitroguanidme. Double- and triple-base NC propeUants are used in rockets and in guns. 

PropeUants also contain stabilizers, plasticizers and coatings, and sometimes a burning 

modifier. ' 
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Figure 27. Molecular structures of RDX, NG. and NC 
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Reactions Used for Group II Explosives 

Chemical methods have been developed for the determination ofexplosives found 

in group II. The following reaction is used for the colorimetric determination of RDX." 

This procedure relies on sequential reactions where RDX is fust converted to nitrous acid 

with the Franchimont reaction. The nitrous acid is then used to nitrosate an aniline 

derivative such as sulfaniUc acid and the resulting diazo cation couples to a 

naphthylamine to form a highly colored azo dye. This is know as the Griess reaction. 

Both steps of this procedure for RDX are shown in Figure 28. In the reactions of the 

explosives studied in this dissertation, the colored azo dye is not only colorimetric, it is 

also luminescent. Detection sensitivity is achieved when using this luminescence 

detection approach rather than the colorimetric one, as we shall see. 

Procedure 

Due to the unavailability of many explosives to the general public, our research 

group used medical nitroglycerin tablets instead of pure nitroglycerin. The exact content 

of these tablets is not known because of the packing starches and other components 

(including polyethylene glycok lactose, and sucrose) that they contam. We were able to 

obtain RDX from the Lubbock County Bomb Squad, and WW-231 smokeless powder 

was used. 
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NO, 

,N, 

M^ . N . 

Acetic Acid 
Zn ^ 3 HNO;, 

NO, NO, 
RDX 

(Franchimont Reaction, 1897) 

NH, 

HNO, + 

N2 + 

N,+ NR', 

^ ^ . = . 

Azo Dye 

NR', 

(Griess Reaction, 1864) 

Figure 28. Reaction used for the detection of RDX^^ 
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Nitroglycerin 

One 30 mg (estimated NG content 0.4 mg) nitroglycerin tablet was dissolved in 

water (producmg seven concentrations ranging from about 10"̂  to 10"' M, in 1 order of 

magnitude mcrements), then spotted on chromatography paper m 40 |iL aliquots. The 

spots were allowed to air dry for about half an hour. Then 20 |iL of each reagent from 

tubes 1 and 2 were spotted on the NG; spotting with tube 1 first, then immediately with 

tube 2. The reaction products were immediately visible. The colorimetric product was 

light purple and visible in room light. The luminescent product was viewed under blue-

green laser Ught (Specfra-Physics Argon-Ion laser in all-lines mode) using red and orange 

fihers and appeared as a reddish color. 

RDX and Smokeless Powder 

The procedure and results for RDX and smokeless powder were identical to that 

of NG except that RDX was dissolved first in a small amount of acetone, then in a larger 

amount of methanol. Smokeless powder was solvated in acetone only. RDX and 

smokeless powder were each spotted and reacted the same as NG with the same 

colorimetric/luminescent results. 

In comparing the luminescent product to that of the colorimetric product, a 

control spotted with the solvent used and the two reagents of the test kit (tubes 1 and 2) 

with no explosive residue was used to find the cut-off in detection sensitivity for each 

explosive. The control was simply held next to the chromatography paper test sfrip to 
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fmd the concentration of explosive at which no detection differentiation between the 

control and the sample was seen. 

Resuhs 

A gain of at least one to three orders of magnitude in detection sensitivity was 

achieved in using the luminescent product. (See Figure 29 for photographic conqjarison 

of explosive sample versus control. Note that this photograph illustrates the worse case 

scenario we have seen thus far.) However, the reaction products must be viewed 

immediately (within five minutes) after applying the test kit reagents. Once the solutions 

dry on the chromatography paper, aU of the samples begin to test positive for explosive 

residue, including the control. After twenty four hours, aU reaction products are ahnost 

equaUy intense, even the confrol. Thus, the ETK""'"" must be used for immediate 

identification of trace explosives. 

As an aside, recent articles have discussed using the ETK"* "* for detection of 

explosives and explosive residue on objects recovered in water, and these same reactions 

have been used to detect contaminated soil.^'*'" One could easily exploit the 

lummescence detection in these scenarios to gain an additional degree of sensitivity over 

the standard colorimetric use of the kit. 
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Figure 29. Comparison ofexplosives versus control 
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Trace Explosives Detection Using Lanthanide Complexes 

Ahhough detection kits are aheady available for easy, immediate detection of 

trace explosives, these kits produce products that are colored, or at best are luminescent 

with fluorescences of short lifetimes. One could possibly imagine a scenario m which 

one needs to detect trace explosives (or anything else with the same functional groups) on 

a high background surface. One would then want a chemical reagent with a sufficiently 

long Ufetime so that tune-resolved imaging could be utilized. 

It occurred to us when choosmg lanthanide complexes that the waters of 

hydration, discussed earlier in connection with lanthanide coordination, could be replaced 

with "explosives of hydration," i.e., the nitro groups. These NO2 groups of the 

explosives would then saturate the lanthanide by completmg its coordination in a more 

useful way than would the water. This was our drivmg motivation behind our choice of 

luminescent reagents. 

In the following study, several lanthanide complexes (europium 

chloride/TTFA(thenoyhrifluoroacetone),' terbium chloride/TTFA, europium chloride/OP 

(ortho-phenanthroUne), terbium chloride/OP, terbium chloride/TTFA/OP, SYPRO® 

Rose staining dye. Quantum Dye:Enhancer complex, and Eu(F0D)3) were tested on a 

variety of different explosives (NG, RDX, and two kinds of smokeless powder). The 

explosive was rubbed on filter paper, then the lanthanide complex was spotted on the 

explosive. A confrol, with solvent and no explosive, was also spotted with the lanthanide 

complex. The luminescence intensities were then compared between the samples and the 

controls. 
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We observed that many of the tests produced no obvious reaction. However, 

smokeless powder 231 and RDX both showed a discernible reaction with SYPRO® 

Rose, the Quantum Dye:Enhancer complex, terbium chloride/TTFA, terbium 

chloride/TTFA/OP, and europium chloride/OP. There was a change in luminescence 

intensity and a slight color shift for these tests when viewed immediately (under both 

near and deep UV) after spotting. Subsequent water rinsings quench the luminescence of 

unreacted lanthanide complexes, resuking in easier discernment of the spotted explosive. 

An example of this detection method before and after water rinsings can be seen in 

Figure 30. In this figure, europium chloride/OP was used as the detection reagent on the 

left, and terbium chloride/TTFA/OP was used on the right. The sample controls can be 

seen under each explosive sample. Apparently, there are reactions taking place, but a 

further study would be necessary to confnm this. If chemistry actually is occurring, this 

will take trace explosives detection to a new level by making tune-resolved techniques 

appUcable. 
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Figure 30. Lanthanide detection of smokeless powder 231 
before (top) and after (bottom) water rinse 
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CHAPTER IV 

CONCLUDING REMARKS 

Three strategies have been pursued for the detection of fmgerprints, namely using 

lanthanides, dendrimers, or nanocrystals. In terms of eventual practical use, it is 

uncertain which of the three will prevail in the future. Hopefully, the lanthanide strategy 

wUl win, due to hs utUity in the lab for aU surfaces (as a universal treatment strategy) and 

its amenability to simple instrumentation for detection. 

Additionally, the tagging ofexplosives using lanthanides would be a desirable 

sfrategy, again, due to the ease of instrumentation. Most importantly, because 

lanthanides are photoluminescent, a fair degree of sensitivity can be gained over the 

present colorimetric field kit method. 
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APPENDIX A 

DERIVATIONS 

Derivation 1.1—Time-resolved decay and excitation^^ 

Consider the excitation of a lummescent molecule, or fluorophore, with a short 

pulse of light, resuhmg in a population No of excited fluorophores. The rate of decay of 

this population is given by 

^ = -(kr + k,r)N(t) Eq.3 

where N(t) is the number of excited fluorophores at time t after excitation, kr is the rate of 

radiative decay, and k„r is the nonradiative decay rate. Integrating this equation by the 

method of separation of variables, one obtains the following result. 

Nit) = Noe"" Eq. 4 

writh T = (kr +knr)"* the Ufetime of the excited state and N(t=0) is No. 

The luminescence intensity, being proportional to the excited state population, 

wUl thus decay exponentially as well. Our interests Ue not m the excited state population, 

but rather in the intensity of the Ught. Therefore, we express this as in Eq. 1. 

Let us now consider the excitation of molecular luminescence by a rectangular 

light pulse with a very sharp cut-on and cut-off, as in Figure 1, and let us look at the 

lummescence after onset of the excitation. The rate equation for excited molecules is 
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where A: is the number per umt time at which molecules are being excited. That this rate 

is given as constant implies that the excitation is not so intense as to cause significant 

reduction of the ground state population of the sample. Solving Eq. 5 by separation of 

variables and substitution, one obtains 

Nit) = Nc(l-e-"') Eq.6 

where No is the same value as in Eq. 4 and is proportional to the exchation rate K. Note 

that at time t=0, N(t)=0 (the light has just been turned on), and as t^oo, N(t)=No (the 

molecules are fully excited). 

Derivation 1.2—Phase-resolved excitation and lifetime^^ 

Phase-resolved techniques use sinusoidally modulated sample excitation. 

Consider a single exponential fluorescence decay. The excitation rate is of the form 

f(t) = a-^bsin{(Ot) Eq. 7 

whh a>b and to=27tv, where v = modulation frequency. 

— is the degree of the Ught modulation or modulation depth. In response to this 
a 

excitation, the emission from the sample is also sinusoidally modulated m intensity (for 

low mtensities/excitation rates), but phase shifted with respect to the excitation 

modulation. 

N(t) = A-\- Bsin(6]t -ip) Eq. 8 
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A 
To determine the fluorescence modulation depth — and the phase shift cp, we 

B 

consider the rate equation for the number of exched molecules, namely 

^ ^ = - ^ . A 0 . E<,.9 

dt T 

This is analogous to the earUer Eq. 5. This, again, assumes absence of significant 

reduction of the ground state population. 

Taking the derivative of Eq. 8 and substituting into the left side of Eq. 9, and 

substituting Eq. 7 and Eq. 8 into the right side of Eq. 9, we obtain 

o)Bcos(a)t-(f>)^—[A + Bsin(a}t-^)]+a-i-bsin((ot). Eq. 10 
T 

Using trigonomefric identities and equating the terms, one obtains 

a-- = 0 Eq. 11 
T 

0)Cos(/>—sin^ = 0 Eq. 12 
T 

o}sinS-\-—cosS = — . Eq. 13 
^ T B 

From Eq. 12, one obtams 

tan^ = aK-. Eq. 14 

Eq. 14 relates the phase shift of the fluorescence modulation relative to the excitation 

modulation to the lummescence lifetune. Squaring and then adding Eq. 12 and Eq. 13, 

one obtains 
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oi'A 
J J VB, 

Eq. 15 

Given Eq. 11, one finally obtains 

m = -
BIA 

bla 
= (l + 6>V)" 2.2 - /2 Eq. 16 

where m is called the demodulation factor. 
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APPENDIX B 

PORTABLE CYANOACRYLATE FUMING DEVICE 

Many forensic agencies use a vacuum cyanoacrylate ester-fuming device, 

producing stabilized fingerprmts that are translucent. Others use a large aquarium-like 

tank, resuhing in whhish stabilized prints. (Refer to Figure 31 for polymerization 

reaction of cyanoacrylate ester.)* Both devices are large and time-consuming to use. 

FoUowing is a description of a smaU, portable device that can be assembled from 

common household materials and produces fully fumed prints in one minute or less. 

Figures 32 and 33 show digital photographs of this small field-fuming chamber. A note 

should be made that these devices should only be used in fully ventUated areas in order to 

avoid inhalation of the toxic chemicals produced in the fuming process. 

Assembly 

Cut off the lower fourth of an empty soda bottle, and rinse out the upper portion. 

Scotch taping the evidence (fingerprmt-side facing inward) to the sides of the bottle 

works weU, or the evidence can be suspended from the top through the lid with a 

papercUp. After the evidence is put mto the chamber such that the fingerprmts wiU be 

exposed to the surroundmg fiimes, a small drop of Super Glue should be placed m the 

center of a piece of alummum foil (cut to size such that h can be wrapped around at least 

the bottom portion of the chamber). Makmg sure that the droplet of Super Glue is 

centered at the base of the chamber, wrap the foil around and seal it with a rubberband. 
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Figure 31. Polymerization reaction of cyanoacrylate ester 
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Figure 32. Photograph ofsmall cyanoacrylate ester-fuming device 
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Figure 33. Process of fuming with portable device 
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If poor ventilation conditions exist, make sure to seal any leakage areas (top and bottom 

of bottle) well. Now, hold a flame under the aluminum foil bottom, vaporizing the 

cyanoacrylate ester, until the chamber is filled with white fumes. After thirty seconds to 

one minute, prints are fiilly filmed and stabilized. (This time span is for small 20 fluid 

ounce soda bottles. Larger bottles and containers may be used to fume larger pieces of 

evidence. However, fuming times wUl mcrease with container size.) Placing a visible 

aluminum foil test strip (with a print deposited on it) in the chamber is a good idea for 

monitoring purposes. A word ofcaution should be made. One must make sure a well-

ventilated area is used when opening the chamber and retrieving evidence. If a fiunehood 

is not available, venting the device outside is safe. 

88 



APPENDIX C 

MICRO-CHANNEL PLATE***' * '̂̂ '' 

The microchannel plate (MCP) image intensifier is a variant of a photomuhipUer 

tube (PMT) in that it can take photons mcident on the photocathode and amplify (by a 

few orders of magnitude) the initial electron knocked loose from the photocathode, 

uhunately resuhmg in a large number of electrons (current). For PMTs, this current is 

suitable for instrumentation. Whereas the PMT uses mukiple dynodes and only produces 

a current pulse output amplified from all the incident photons, the MCP is essentially a 

close-packed bundle of capillary tubes, with each individual tube coated on the inside 

with dynode material and under an applied electrical field (high voltage). This geometry 

preserves the spatial positioning of the incident photons on the photocathode and yields 

an amplified version of the original image on the output (phosphorescent screen) since 

each of the capUlary tubes is distinctly separate from aU the others in the bundle. 

In addition to preserving the spatial information, and perhaps most importantly for 

our use in time-resolved imaging, the low voltage across the photocathode to the front of 

the capUlaries allows one to ttmi the device from active to inactive and back m a very 

short period of tune (~5 ns). ft is this feature, along with the light amplification for 

unagmg, that makes the MCP usefiil for rapid gating. Refer to Figure 34 for schematic of 

the MCP. 
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Figure 34. Schematic diagram of microchannel-plate image intensifier 
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